Calcium binding and conformational properties of calmodulin complexed with peptides derived from myristoylated alanine-rich C kinase substrate (MARCKS) and MARCKS-related protein (MRP).
The myristoylated alanine-rich C kinase substrate (MARCKS) and the MARCKS-related protein (MRP) are members of a distinct family of protein kinase C(PKC) substrates that bind calmodulin (CaM) in a manner regulated by Ca2+ and phosphorylation by PKC. The CaM binding region overlaps with the PKC phosphorylation sites, suggesting a potential coupling between Ca(2+)-CaM signalling and PKC-mediated phosphorylation cascades. We have studies Ca2+ binding of CaM complexed with CaM binding peptides from MARCKS and MRP using flow dialysis, NMR and circular dichroism (CD) spectroscopy. The wild-type MARCKS and MRP peptides induced significant increases in the Ca2+ affinity of CaM (pCa 6.1 and 5.8, respectively, compared to 5.2, for CaM in the absence of bound peptides), whereas a modified MARCKS peptide, in which the four serine residues susceptible to phosphorylation in the wild-type sequence have been replaced with aspartate residues to mimic phosphorylation, had smaller effect (pCa 5.6). These results are consistent with the notions that phosphorylation of MARCKS reduces its binding affinity for CaM and that the CaM binding affinity of the peptides is coupled to the Ca2+ affinity of CaM. All three MARCKS/MRP peptides perturbed the backbone NMR resonances of residues in both the N- and C-terminal domains of CaM and, in addition, the wild-type MARCKS and the MRP peptides induced strong positive cooperativity in Ca2+ binding by CaM, suggesting that the peptides interact with the amino- and carboxy-terminal domains of CaM simultaneously. NMR analysis of the Ca(2+)-CaM-MRP peptide complex, as well as CD measurements of Ca(2+)-CaM in the presence and absence of MARCKS/MRP peptides suggest that the peptide bound to CaM is non-helical, in contrast to the alpha-helical conformation found in the CaM binding regions of myosin light-chain kinase and CaM-dependent protein kinase II. The adaptation of the CaM molecule for binding the peptide requires disruption of its central helical linker between residues Lys-75 and Glu-82.